Purpose: A study was performed to evaluate the ACR Select software in determining the level of appropriateness of computed tomography (CT) and magnetic resonance imaging (MRI) in Island Health in British Columbia. Methods: A total of 1228 consecutive CT and MRI studies performed in a 3-day period were entered into a software program provided by the National Decision Support Company based on the ACR Appropriateness Criteria. The program was able to analyze 93% (1141) of these studies. A subset of these requisitions was manually reviewed.
In Canada, the use of medical imaging has more than doubled in the past 10 years [1] . From 2010 to 2012, the number of computed tomography (CT) and magnetic resonance imaging (MRI) scans per thousand population in Canada increased by approximately 5% and 15%, respectively [2] . This trend is occurring throughout the developed world and prompted the creation of evidence-based imaging guidelines, or Appropriateness Criteria, by the American College of Radiology (ACR). Software designed by the National Decision Support Company (NDSC) that incorporates these guidelines (ACR Select) was developed as a clinical decision support tool to facilitate appropriate use of medical imaging [3] .
A commonly reported estimate that 30% of medical imaging examinations are inappropriate [4e9] is not supported by a critical review of the literature [10] . Two recent Canadian studies, one of which was conducted in British Columbia (BC), have found that only 2% of MRI and CT studies were ordered for inappropriate reasons [10, 11] . With dramatically increasing rates of imaging, clinical decision support tools such as ACR Select could be helpful in evaluating CT and MRI ordering patterns.
The purpose of this study was to assess the usefulness of ACR Select as a tool to measure the appropriateness of CT and MRI ordering in Island Health (IH) in BC. IH is 1 of 5 geographical health authorities in BC and serves Vancouver Island's population of approximately 750,000.
Methods
ACR Select is a clinical decision support tool designed by the NDSC that utilizes the ACR Appropriateness Criteria. These criteria are evidence-based guidelines agreed upon by expert panels of both radiologists and nonradiology physicians for the appropriate use of medical imaging. The software compares the reason given for the examination by the clinician with the ACR guidelines and assigns an appropriateness score from 1 (inappropriate) to 9 (appropriate) ( Table 1) .
All requisitions for CT and MRI examinations that were performed over a 3-day period in October 2012 on Vancouver Island were entered into ACR Select software. There is no private provision of CT services in this region and on the 3 days that these MRI studies were obtained in public facilities, fewer than 30 private MRI examinations would have been acquired on Vancouver Island. The software was able to score 1141 of the original 1228 requests (93%) for a total of 893 CT and 248 MRI studies. The sample included 553 male and 588 female patients from age 0-98. The ''Reason for Exam'' on each requisition was manually coded into the software using available clinical indications. The actual exam performed was also selected from the closest match in the list of options provided by the software. Discrepancies between the suggested and performed imaging were recorded. A radiologist manually reviewed the 92 requisitions where the software had assigned a ''usually not appropriate'' score (ratings 1-3), the 294 requisitions with a ''may be appropriate'' score (ratings [4] [5] [6] , and a sample of 300 of the 755 requisitions ranked as ''usually appropriate'' (ratings 7-9).
Results
A total of 1228 studies were entered into the ACR Select software and 93% or 1141 were successfully analyzed and assigned an appropriateness score. The total number of requisitions scored at each appropriateness level is displayed in Figure 1 . As noted in Figure 2 , 2.5% of requisitions were given the lowest appropriateness score.
At each appropriateness level, the discrepancy between the ACR Select software imaging recommendation and the actual performed imaging study was recorded ( Figure 3 ). Most of the studies graded as less than ''usually appropriate'' were CT scans (87% or 336/386). Thirty percent of CT studies (262/893) were graded with intermediate appropriateness scores of 4, 5, or 6. Most of these (50% or 133/262) were graded in this category because according to the ACR guidelines, an MRI would have been more appropriate. Considering all CT requisitions, MRI was recommended as the more appropriate alternative 20% of the time (177/893).
A radiologist manually reviewed the 92 requisitions that received a ''usually not appropriate'' score (ratings 1-3). The results of this review are displayed in Table 2 . This review showed that only 0.6% (7/1141) of requisitions should have been assigned an appropriateness score in the lowest 3 categories (''usually not appropriate''). In addition, a manual review was conducted of the 294 requisitions that received a ''may be appropriate'' score (ratings 4-6). The radiologist disagreed with the software in 20% (67/294) of cases, giving all of these requisitions a higher appropriateness ranking of ''usually appropriate'' (rating 7-9). A sample of 300 requisitions from the ''usually appropriate'' (100 requisitions from Table 1 ACR Select Appropriateness scale [3] Rating
Category name Category definition 7, 8, or 9 Usually appropriate The study or procedure is indicated in certain clinical settings at a favorable risk-benefit ratio for patients, as supported by published peer-reviewed scientific studies, supplemented by expert opinion. 4, 5, or 6
May be appropriate The study or procedure may be indicated in certain clinical settings, or the risk-benefit ratio for patients may be equivocal as shown in published peer reviewed, scientific studies, supplemented by expert opinion. 1, 2, or 3
Usually not appropriate Under most circumstances, the study or procedure is unlikely to be indicated in these specific clinical settings, or the risk-benefit ratio for patients is likely to be unfavorable, as shown in published peer-reviewed, scientific studies supplemented by expert opinion. each rating 7, 8, and 9) category was also reviewed by a radiologist. All of these requisitions were deemed to be appropriate on manual review.
Discussion
The purpose of this study was to evaluate the usefulness of ACR Select as a clinical decision support tool to measure the appropriateness of CT and MRI scan ordering in IH, which is 1 of the 5 main regions of BC. Based on the study results, 3 principle conclusions can be drawn.
First, ACR Select is a useful clinical decision support tool for radiology but it does have limitations. Although ACR Select contains over 25,000 entries or rules, it is not possible to anticipate all types of illness presentations. Furthermore, the software's limited vocabulary interferes with its ability to interpret alternate phrasing and may cause a legitimate reason for the exam to be misinterpreted. Finally, the software cannot account for imaging that had already been done. These 3 issues reduce the validity of the resulting appropriateness scores.
ACR Select was able to provide an appropriateness score in over 90% of cases, unlike a different software tool in an earlier report, which failed to analyze almost half of requisitions [10] . When the software indicated the reason for the exam was ''usually not appropriate,'' a radiologist manually reviewing the requisitions disagreed in most cases. The reasons for the disagreement clearly reflect software limitations and the inability to capture the full exam scenario as described using free text. As an example, a highly appropriate request for MRI to assess a fistulous tract through the buttock was flagged as inappropriate by the computer program that suggested ultrasound as the appropriate test. Presumably the software's closest available scenario was ''abscess, pelvis'' rather than being able to incorporate a complex clinical scenario. As another example, ACR Select suggested as inappropriate a CT for suspected tarsal coalition proposing plain film as more appropriate presumably because the software does not have the option to indicate that a plain film had already been done.
On manual review of both the ''may be appropriate'' and ''usually appropriate'' categories as assigned by the software, none of the requisitions were found to be inappropriate. In fact, about 20% of the studies ranked as ''may be appropriate'' by the software were deemed to be ''usually appropriate'' by the manual review. This suggests that ACR Select is accurate in its assignment of an ''appropriate'' ranking, but may be underestimating the appropriateness of those studies ranked as ''inappropriate.'' Second, we can conclude, in agreement with prior studies, that the frequency with which CT and MRI exams were performed for inappropriate reasons was extremely low at 2.5% [10, 11] . However, as noted previously, this 2.5% figure overestimated the inappropriate rate, which was only 0.6% on manual review. This may have been partly due to the policy of IH to prescreen all requisitions for appropriateness twicedonce at the time of booking, and once on the day of scanning. These findings are again in contrast to the commonly held but unsubstantiated figure that 30% of imaging is inappropriate [4e10]. Finally, we believe that a lack of access to MRI in IH accounts for the high proportion of cases where the software suggested that MRI was a more appropriate choice when CT was done. As an example, ACR Select flagged 50% of the CT requisitions in the ''may be appropriate'' (ratings [4] [5] [6] category recommending that MRI would be a better choice. Clinicians no doubt knew that MRI was preferable but ordered a CT as it is much more readily available. This is a reflection of the poor availability of MRI in Canada in general and the extreme lack of MRI resources in BC in particular. CT and MRI scans are performed much less frequently in BC than in most other places in the developed world. The number of MRI studies per capita is among the lowest in Canada, and was only 60% of the Organization for Economic Cooperation and Development average in 2011, the most recent year for which comparable data are available [2] . Wait times for CT are much shorter than those for MRI in BC, where patients can wait over a year for a routine MRI. According to the most recent data from IH in March 2014, only 30% of routine MRI's are done within the benchmark of 91 days [12] . Table 3 displays the number of CT and MRI per 1000 population for 2010-2012. BC ranks among the bottom 2 provinces in both of these categories and is well below the Canadian average [1, 2] . Confronted with this resource restriction, clinicians in BC chose CT as a practical alternative for timely management of patients rather than requesting a more appropriate MRI with long wait times.
In summary, our study is in agreement with recent publications showing a very low rate of inappropriate use of CT and MRI in BC [10, 11] . Further improvements in appropriate use of CT and MRI in BC will depend on improving access to MRI scanning to at least the level of the Canadian average and perhaps one day to match that of the rest of the developed world. a Alberta's data was removed as the numbers were dramatically different than prior years due to a change in methodology which makes the data suspect [1, 2] .
